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Abstract
Acknowledgements
The cDNA for a pheromone-binding protein from the cockroach 
Rhypharobia (Leucophaea) maderae, LmaPBP, was isolated, cloned, and  
sequenced. Several of the clones selected had plasmids with identical 
sequences but differed from previously published sequences.  The 
predominant sequence leads to an amino acid change from aspartic acid to 
glutamic acid (D26E) in the protein product encoded by the gene. LmaPBP 
was ligated into the pET22b(+) expression vector and transformed into both 
JM109 cloning and BL21 expression strains of E. coli.  The target protein 
was overexpressed and isolated.
 Pheromone-binding proteins (PBPs) are a key component of the olfactory 
system in insects.
 The putative function of PBPs is the transport of hydrophobic pheromones 
from the air-cuticle interface to odor receptors on the olfactory neuron 
 PBPs are believed to be involved in odorant recognition; they bind to a 
specific family of structurally similar pheromones.
 While recognized as key players in the transmission of olfactory signals, 
many questions exist about the detailed interaction of PBPs with odors 
and the odor receptors.
 Problem:  Large concentrations of pheromones would saturate the 
receptors, making it difficult for insects to detect small changes in 
concentration – a requirement for elucidating the proximity of food and 
mates.
 One hypothesis:  PBP-pheromone complexes in high concentrations 
form aggregates to attenuate the signal (3).
 Ideal model system to study the detailed function of PBPs: LmaPBP from 
the cockroach L. maderae
 small, stable structure (~15 kDa) that has been sequenced already
 binds hydrophilic pheromones of known structure
 binds the fluorophore 8-anilino-1-naphtalenesulphonic acid (ANS)
Introduction
Figure 4. A stereo view of the three-dimentional structure of LmaPBP. 
Disulfide bridges are colored green in the ball-and-stick format and alpha 
helices are colored red in the ribbon format (4).
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Figure 1. Gel electrophoresis of pGEM-T/LmaPBP vector plasmids 
(derived from the 021LMAPBP 1F primer template) restricted with 
BstZI (method of digest screening for LmaPBP gene). (Lane M) 100 bp 
DNA ladder.  (Lanes 1-12) Restriction reaction products using vector from 
11 transformed JM109 colonies.  (Lane 13) Positive control plasmid with 
LmaPBP insert from previous study.  With the exception of lane 12, the 
insert for all colonies is about 400 bp, roughly the expected size of LmaPBP. 
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Published LmaPBP
TGGGGCCGCTGGTAAGAGAGTGCATGGGCAGTGTCTCTGCCACTGAAGACGACTTCAAAACGGTT - 156
NNNNNNNGCTGGNANGAGAGTGCATGGGCAGTGTCTCTGCCNCTGAAGAAGACTTCAAAACGGTT - 65
New pGEM-T/LmaPBP Sequence aspartic acid to glutamic acid
TTGAACAGGAACCCTCTGGAATCAAGGACAGCTCAGTGTTTGCTAGCCTGCGCCCTGGACAAGGT - 221
TTGAACAGGAACCCTCTGGAATCAAGGACAGCTCAGTGTTTGCTAGCCTGCGCCCTGGACAAGGT - 130
GGGCCTTATCTCACCAGAAGGCGCCATCTATACAGGAGATGACCTGATGCCTGTCATGAACCGAC - 286
GGGCCTTATCTCACCAGAAGGCGCCATCTATACAGGAGATGACCTGATGCCTGTCATGAACCGAC - 195
TGTACGGTTTCAACGACTTCAAGACAGTCATGAAGGCCAAGGCCGTGAACGACTGCGCCAATCAA - 351
TGTACGGTTTCAACGACTTCAAGACAGTCATGAAGGCCAAGGCCGTGAACGACTGCGCCAATCAA - 260
GTGAACGGTGCGTATCCGGACAGGTGTGATCTTATCAAGAACTTCACCGATTGCGTCCGCAACTC - 416 
GTGAACGGTGCGTATCCGGACAGGTGTGATCTTATCAAGAACTTCACCGATTGCGTCCGCAACTC - 325
CTACTGA - 423
CTACTGA - 332
Figure 2.  Sequencing Results. There is one mutation at bp 141 of the 
published sequence, highlighted with a red box.
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Methods and Results
 RNA from the antennae of eight adult L. maderae was extracted.
 Two-step RT-PCR with specific primers was utilized to amplify cDNA.
 Target sequence (LmaPBP) was cloned into pGEM-T vector 
(Novagen) and transformed plasmids into JM109 E. coli via 
electroporation.
 LmaPBP was restricted out of pGEM-T with restriction 
endonuclease, BstZI (Figure 1).
 Plasmid containing LmaPBP was purified and sent to Retrogen, Inc. 
for sequence analysis.
 Resulting sequence has one mutation D26E – amino acid change 
from aspartic acid to glutamic acid (Figure 2).
 LmaPBP was restricted out of pGEM-T using the restriction    
enzymes NcoI and HinDIII and ligated into the pET22b(+)  
(Novagen) expression vector.
 Ligation products were transformed into JM109 cloning and BL21 
expression strains of E. coli.
 Protein expression was induced in BL21 cells and fractions of the  
media, periplasm, and cytoplasm were collected.
 Cell fractions were scrutinized by SDS-PAGE denaturing gel; protein 
was successfully expressed and exported to the periplasm, as 
indicated by the protein band around 15 kDa (Figure 3).
Discussion
 The three mutations in the previous experimental sequence are not 
present in the new sequences (2).  These differences could 
indicate that the mutations found in the previous sequence were 
introduced during the cloning process; however, they may also be 
naturally occurring polymorphisms.  
 As the mutation is not located within the LmaPBP binding pocket, it 
would most likely not affect odorant binding or ANS fluorescence 
binding assays (see Figure 4). 
 Both aspartic acid and glutamic acid possess negatively charged 
side chains under physiologically relevant conditions, therefore, 
this mutation is less likely to have an adverse affect on the folding 
and function of the protein.
Future Work:  Overexpressed LmaPBP protein from the second 
periplasmic fraction will be purified using dialysis and an anion 
exchange column. Eventually, LmaPBP will be characterized. 
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Figure 3. SDS-PAGE gel of cell fractions. (L) Protein ladder (SDS-PAGE 
Molecular Weight Standards, Low Range, Bio-Rad).  (I) Sample from induced 
culture.  (U) Sample from uninduced culture.  (P2) Fraction collected after 
cells were exposed to MgCl2.  The red box highlights the LmaPBP band in the 
second periplasmic fraction as compared to the same region in the uninduced 
sample.
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